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1.
( ) $[X, Y]$
, $n$ $\Lambda I$ $n$ $S^{n}$ Hopf
Hopf .
1.1. $\Lambda I$ $n$ , $S^{n}$ $n$ .
, $[f]\mapsto\deg f$
$deg:[\Lambda I, S^{n}]arrow \mathbb{Z}$
.








, Hopf . , $\Lambda I$ $G$
, , $[\Lambda I, S1^{t}/]_{G}$
. $Sl^{r}$ $G$ $\tau’$ . . 1970 , G. Segal
[21] $St^{\gamma}$ $\{SV_{\backslash }SV\}_{G}$
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, . tom Dieck
[2] $|)\cdot-$ , Segal
. , Rubinsztein [20]
$[SV.S(|^{\Gamma}\oplus U)]_{G}$ , Hopf .
, $t$.om Dieck-Petrie [4. 5], Tornehave [22], Laitinen $[12]\dot,$ Kushkuley-Balanov [11].
Ferrario [10] Hopf . ,
( )
. Hopf .
, . , .
. 2 $C_{2}$ $\mathbb{R}^{n}$
$U$ , $SU$ . , .
2.1. $\deg$ : $[SU_{\}SU]_{C_{2}}arrow \mathbb{Z}$ Im deg $=1+2\mathbb{Z}(\subset \mathbb{Z})$ .





, . [7, 8, 9] .
,
.
2.2. $D([f])=(\deg f-1)/2$ , $D$ : $[SU_{\}SU]_{C_{2}}arrow \mathbb{Z}$
.
( Hopf ) ,
.
3. BORSUK-ULAM
$G$ , X. $Y$ $G$- . $f$ : $Xarrow Y$ ,
, $G_{x}=G_{f(x)}(\forall x\in X)$ , $f$




$[X, 1^{r}]_{\zeta_{I}^{v}}^{i_{b^{\backslash }0\lambda’}}$ , . (
$)$ Dulaa-Schultz [6] , Hopf
. Hopf , $X$ $G$
G-CW , $Y^{r}$ $ST\cdot- V$ $[X, STT^{r}]_{c_{\tau}^{\grave{b}}}^{i_{i}o\backslash }$’
.
. $[X,$ SIT $]_{G}^{isov}$ . , Borsuk-
Ulam . Borsuk-Ulam
.
3.1. $C_{2}$ $S^{m}$ . $S^{n}$ . $f$ : $S^{m}arrow S^{n}$






$[$ 24] , , [13, 14. 15, 17] .
$[$24] .
32. $G$ , $V,$ $T,1^{r}$, $G$ .
$f$ : $Varrow W$
$\dim V-\dim V^{G}\leq\dim\dagger’1^{r}$,–diin $TV^{G}$
.
. Borsuk-Ulam (BUG) .
Borsuk-Ula,$m$ Borsuk-Ulam
([24]) , Borsuk-LTlam .
[17] Borsuk-Ulann .
3.3 ([17, Corollary $B]$ ) . $G$ , il $I$ $7?1$ niod $|G|$
, $G$ $l)[$ . $T^{m}T^{S^{-}}$’ $G$ $STT^{-}$
. , $G$ $f:_{1’}tlarrow STT^{1^{\vee}}$
dim $l\mathfrak{h}I+1\leq\dim STT^{\sim}-\dim STT^{r>1}$
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. $STT^{->1}$ $SlT^{r}$ $( i.e. STT’>1=\bigcup_{1\neq H\leq G}Sf\dagger^{H})$
, $STT>1=\emptyset$ dini $S\ddagger T^{->1}=-1$ .
. , $Tf$ .
$S^{1}$
$[$ 14. Propositioii 1.2 $]$ .
34. $lt[$ $S^{1}$ . $T\cdot T$ $S^{1}$
. $S^{1}$ $f:i\backslash Iarrow S$ IT’
$\dim\lrcorner\eta I+1\leq\dim Sl/T^{-}-\dim STT^{1}r>1$
.
$G=$ Pin $($ 2 $)$ $(=N_{S^{3}}(S^{1}))$
. $\mathbb{H}$ , $S^{1}=\{z=a+bi\in \mathbb{H}|a^{2}+b^{2}=1\}$
Pin (2) $=\langle Z,$ $j|z\in S^{1}\rangle\subset \mathbb{H}$
. Pin(2) $/S^{1}$ 2 $j$ $(b$
). $p$ :Pin (2) $arrow$ Pin(2) $/S^{1}$ $p(j)=b$ .
3.5. $\Lambda I$ Pin(2) . $TT^{\tau}$
Pin(2) . Pin(2) $f$ : $\Lambda Iarrow Sl-|/$
diin $\lrcorner \mathfrak{h}I+1\leq\dim STT’’-\dim$ STU $>1$
.
.
3.6. , $\dim$ STT‘ $>1_{=\dim S\dagger I^{\zeta_{p}}’}$ $C_{p}\leq$
$S^{1}$ .
. $H$ $H\cap S^{1}\neq 1$ . , $H\cap S^{1}=1$
$p(H)\cong H\neq 1$ , $H\cong C_{2}$ , Pin(2) 2
$\{\pm 1\}\leq S^{1}$ $p(H)\neq 1$ . $C_{p}\leq H\cap S^{1}$
$C_{p}$ , $STI^{H}\subset SI\cdot I^{-c_{p}^{B}}$ .
$SI$
$T^{->1}=\bigcup_{1\neq H\leq G}SII^{H}=\bigcup_{1\neq C_{p}\leq S^{1}}STT^{C_{p}^{1}}$
. . $\dim SlI\cdot’>1=ii_{i}ax_{p}\{$dini $ST!I^{-c_{p}}\}$
, $p$ dini SII’ $>1_{=\dim SIT^{\zeta_{p}}’}$. . $\square$
104
. $G$ $S^{1}$ , .
.
3.5 . $G=$ Piii(2) . 3.6 $C_{p}\leq S^{1}<G$ . $C_{p}$
$G$ $TT^{-c_{p}}$ $G$ , $G$
$h:STI^{r}/\backslash STT^{v}c_{p}arrow S(TI^{-C_{p}’}’)^{\perp}$ . $(TT^{r}c_{p})^{\perp}$ $|_{1’}I^{C_{p}}$’ $T\prime l^{r}/$ $G$
$f(M)\subset SW\backslash SW^{c_{P}}$ , $G$ $g=hof:i\backslash Iarrow S(IT^{rC_{p}})^{\perp}$
. $S^{1}$ , $g$ $S^{1}$ $S^{1}$ Borsuk-
Ulani ,
$\dim lII\leq\dim S(T0^{l}\cdot c_{P})^{\perp}=\dim$ SIf’ $-\dim ST\prime V^{c_{P}}’-1$
. $\dim ST\cdot V^{C_{P}}=\dim ST\cdot T^{P^{\vee>1}}$
$\dim i\backslash I+1\leq\dim ST,I/^{J^{-}}-\dim STV^{>1}$
.
$S^{1}$ Borsuk-Ulam .
3.7. $S^{1}$ $\Lambda I,$ $N$ , $\Lambda I^{S^{1}}=N^{S^{1}}=\emptyset$
. , $S^{1}$ $f$ : $\Lambda Iarrow N$ dim lII $\leq\dim N$
.
3.8. $d=\dim ST\prime I^{l^{-}}-\dim ST\cdot V>1$ . 3.3, 3.4 3.5
, dini $\Lambda I>d-1$ $[\Lambda I, Sl^{\Gamma}]_{G}^{iso\iota^{\gamma}}=\emptyset$ .
. $ltI$ $G$
.
39. $G\neq S^{3}$ . $G$ $\Lambda I$ , $G$
. , $f$ : $1\backslash Iarrow S\uparrow V$
$\dim$ ISI- min-dim $\Lambda I^{G}\leq$ diin $ST^{J}T^{\Gamma}-\dim STT^{\check{;}>1}$
. min-dim .
. , $G$ ( )
. , $G$
. [25] . [24]
Borsuk-Ulam . ,
105
$G=S^{1}$ . Pin(2). $S^{3}$
’
. $S^{1}$ . Pin(2) Borsn$1_{\iota’}$-Ulain . $(S^{3}$
. $)$
$\wedge^{\prime\lambda I^{c_{\dot{\gamma}}}}$
$-\# I_{C1}^{C_{7}’}$ , $J^{\cdot}\in\Lambda I_{o}^{G’}$ .
, $G$ $\iota’$’ $G$ $x$ $f(x)$ $G$ $O_{\}$
$O’$ . $G$ $i$ : $Oarrow U_{\vee}.j$ : $O’arrow V$ . $O$
$f(O)\subset O’$ $g=j\circ f\circ i^{-1}$ : $Uarrow V$ $G$
. 3.6 $\dim$ STIr $>1_{=\dim}$ S$\mathfrak{n}$
$C$ . $C$ , 32
$\dim U-\dim U^{c}\leq\dim V-\dim V^{C}$
. $G$
$\dim U$ –dini $U^{c}= \dim U-\dim U^{G}=\dim\Lambda I-\min- dini\Lambda I^{G}$
$\dim V-\dim i/^{l^{-c}}=\dim ST1’/-\dim SI\cdot f^{rC}$
$\dim i\lambda I-\min-\dim\Lambda I^{G}\leq\dim SI’\dagger^{\nu}$ –diin $Sl’|_{1}^{r}c$
.




. 11 $l$ $C^{\infty}$ , $G$ $\Lambda I$
. $[\iota^{r}$ $G$ . , Borsuk-Ulam
$\dim A\eta[+1\leq\dim StT^{-}-\dim ST\prime T,’>1$
.
$G$ $1’tI$ , $STT$ free $=$ SIf’ $\backslash SIT>1$




$\mathcal{A}=\{H\in$ Iso $(I\dagger)|\dim SI\cdot l^{H}=\dim SI\cdot T\cdot\cdot>\iota\}$ ,
$\mathcal{A}/G=\{(H)|H\in \mathcal{A}\}$
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. , [17, 18] , .
4.1. $d=\dim STT$.”–dini SI $T^{\vee>1}$ .
(1) $STT_{f\iota\cdot ee}^{Y}$ $(d-2)$ . , $d=2$ 1 .
(2) $T/d-1(S|$ $T_{f_{1}\cdot ee}’)\cong {}_{G}H_{d-1}$ $($ SII $\prime free_{i}z)\cong c\oplus_{(H)\in A/G}\mathbb{Z}[G/NH]$ .
diin ilI $<d-1$ , $SI\cdot I_{f_{1}\cdot ee}’/$ $(d-2)$ , .
4.2 ([18]). diin $l|I<d-1$
$[M, SYt!]_{C_{r}}^{iso\iota^{r}}=[\Lambda l_{\eta}S\uparrow\eta_{/}free]_{G}=\{*\}$ .
. $f$ . $g:ll\cdot Iarrow ST^{\ovalbox{\tt\small REJECT}}1_{free}^{r}$ $G$ $f\square g:\Lambda I\cross\{0,1\}arrow S$ 7free
$\dim M+1<d$ $G$ $F$ : $M\cross Iarrow S$ $\acute$free .
$\dim\Lambda\prime I=d-1$
. .
4.3. $G$ $f_{0}:\Lambda Iarrow SI,\prime f_{free}^{r}$ . $G$ $f:lIIarrow s\iota_{1}T_{free}\dot{\ovalbox{\tt\small REJECT}}$
, $G$ $\gamma_{G}(f, f_{0})$
$\gamma_{f_{0}}:[\Lambda I_{1}ST\cdot l_{f_{1}\cdot ee}^{r}/]_{G}arrow \mathfrak{H}_{C_{I}}^{d-1}(\Lambda I;\pi_{d-1}(s\nu T_{free}’’))$
. dG-1 $(M; \pi_{d-1}(ST\cdot T_{free}’))$ [3]
.
$G$ Hopf .
[19] , [16] .
4.4. $G$ , $[’$
$[\Lambda I_{t}ST-\dagger_{free}^{v}]_{G}$ $\oplus_{(H)\in \mathcal{A}/G}\mathbb{Z}$ .
$G$ . 43
, . $w$ : $Garrow\{\pm 1\}$
$\{$
1 $g\in G$ $l|I$
$t1^{1}(g)=$
$-1$ $g\in G$ $\Lambda I$
107
. $t\{$ ’ , $\mathbb{Z}$ $\mathbb{Z}G$ , $\mathbb{Z}_{1\downarrow\}}$ . , $I\backslash _{1^{-}11},$ $=$
$I’\backslash$ . 4.1
$\mathfrak{H}_{C_{\tau}}^{d-1}(\Lambda I:\pi_{d-1}(SI\cdot\dagger_{free}^{\vee}))\cong\bigoplus_{(H)\in A/G}\mathfrak{H}_{G}^{d-1}(\Lambda l;\mathbb{Z}[G/NH])$
$\cong\bigoplus_{(H)\in A/G}H^{d-1}(\Lambda I/G;\{\mathbb{Z}[G/NH]\})$
. $\{\mathbb{Z}[G/NH]\}$ $\mathbb{Z}G$ $\mathbb{Z}[G/NH]$ $1\mathfrak{h}I/G$
.
$H^{d-1}(\Lambda I/G;\{\mathbb{Z}[G/NH]\})\cong H_{0}(\Lambda I/G;\{\mathbb{Z}_{u},[G/NH]\})$
$\cong\frac{\mathbb{Z}[G/\wedge\wedge rH]}{\langle x-\alpha|(g)x|x\in \mathbb{Z}[G/NH],g\in G\rangle}$
$\cong\{\begin{array}{ll}\mathbb{Z} NH\leq K_{u\prime}\mathbb{Z}_{2} NH\not\leq K_{u},\end{array}$
. $C=\{(H)\in \mathcal{A}/G|NH\leq A_{\iota\iota}’,\},$ $\mathcal{D}=\{(H)\in \mathcal{A}/G|NH\not\leq K_{w}\}$
.
4.5. $G$ $\Lambda I$ . $I\prime l^{r}-$ $G$
. ,
$[ \Lambda I;SIV]_{G}^{isov}\cong\bigoplus_{(H)\in C}\mathbb{Z}\oplus\bigoplus_{(H)\in \mathcal{D}}\mathbb{Z}_{2}$
$($ $)$
.





46. $llI=S^{2}\cross S^{1}$ $C_{-2}$ $S^{2}$ , $S^{1}$ . $T\prime T^{r}$





(1) 4.5 , $\oplus_{(H)\in C}\mathbb{Z}$
[18] ( ) .
(2) $\oplus_{(H)\in \mathcal{D}}\mathbb{Z}_{2}$ . 4.6
(niod 2 ) $0$ . $\oplus_{(H)\in \mathcal{D}}\mathbb{Z}_{2}$
?
(3) $j\backslash [$ .
(4) A $I$ .
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